Three studies were conducted to evaluate the effect on growth performance when NutriDense (ND) corn is used in conjunction with increasing amounts of L-lysine, threonine, and methionine. NutriDense corn is a nutritionally enhanced product containing a stacked set of traits to provide greater nutrient density than is provided by conventional yellow dent corn (YD). In Experiment 1, a total of 320 pigs (initial 40.2 lb) were blocked by weight to one of eight dietary treatments. Pigs were fed corn-soybean meal diets with either YD or ND corn and with 3, 5, 7, or 9 lb of crystalline L-lysine per ton of complete feed. Rates of methionine and threonine to lysine were balanced across all dietary treatments by the addition of DL-methionine and L threonine. There were no corn-source Ã-L-lysine amount interactions in this experiment. Increasing Llysine decreased ADG (linear, P<0.01) and worsened F/G (linear, P<0.01; quadratic, P<0.10). There was no effect (P>0.23) of corn source on ADG, ADFI, or final weight, but pigs fed diets with ND corn had improved (P<0.05) feed efficiency. Experiments 2 and 3 were conducted at a commercial swine research facility in southwestern Minnesota. In Experiment 2, a total of 1,189 gilts (initially 87.7 lb) were used; in Experiment 3, a total of 1,136 gilts (initially 187.3 lb) were blocked by weight in a 28-d growth assay. In both experiments, there were six dietary treatments that included either YD or ND corn and increasing amounts of Llysine HCl (3, 6, and 9 lb/ton). In Experiment 2, there were no corn-source Ã-L-lysine content interactions. Increasing dietary L-lysine HCl decreased ADG (linear, P<0.01) and worsened F/G (linear, P<0.01; quadratic, P<0.08). Feeding pigs diets with ND corn increased (P<0.07) ADG and improved (P<0.01) feed efficiency. In Experiment 3, there was a corn source Ã-L-lysine content interaction (P<0.02) for ADG and F/G. This interaction occurred because there was a greater decrease in ADG for pigs fed diets with YD corn and increasing Llysine, compared with ADG of pigs fed diets with ND corn. No other interactions were observed (P>0.53). Increasing L-lysine decreased ADG (quadratic, P<0.01) and worsened F/G (quadratic, P<0.01). Feeding pigs diets with ND corn increased (P<0.01) ADG and improved (P<0.01) F/G, but had no effect on ADFI. The use of ND corn in swine diets will reduce the amount of threonine and methionine needed when high concentrations of crystalline L-lysine are used in cornsoybean meal diets. Also, because ND corn has 34% more tryptophan than typical YD corn does, higher concentrations of L-lysine, in conjunction with threonine and methionine, can be used before tryptophan becomes the dietary limiting amino acid. These studies indicate that the use of ND corn can reduce the need for threonine and methionine supplementation when supplementing with more than 0.15% Llysine HCl.; Swine Day, 2005, Kansas State University, Manhattan, KS, 2005 
Summary
Three studies were conducted to evaluate the effect on growth performance when NutriDense (ND) corn is used in conjunction with increasing amounts of L-lysine, threonine, and methionine. NutriDense corn is a nutritionally enhanced product containing a stacked set of traits to provide greater nutrient density than is provided by conventional yellow dent corn (YD). In Experiment 1, a total of 320 pigs (initial 40.2 lb) were blocked by weight to one of eight dietary treatments. Pigs were fed corn-soybean meal diets with either YD or ND corn and with 3, 5, 7, or 9 lb of crystalline L-lysine per ton of complete feed. Rates of methionine and threonine to lysine were balanced across all dietary treatments by the addition of DL-methionine and L-threonine. There were no corn-source × L-lysine amount interactions in this experiment. Increasing L-lysine decreased ADG (linear, P<0.01) and worsened F/G (linear, P<0.01; quadratic, P<0.10). There was no effect (P>0.23) of corn source on ADG, ADFI, or final weight, but pigs fed diets with ND corn had improved (P<0.05) feed efficiency.
Experiments 2 and 3 were conducted at a commercial swine research facility in southwestern Minnesota. In Experiment 2, a total of 1,189 gilts (initially 87.7 lb) were used; in Experiment 3, a total of 1,136 gilts (initially 187.3 lb) were blocked by weight in a 28-d growth assay. In both experiments, there were six dietary treatments that included either YD or ND corn and increasing amounts of Llysine HCl (3, 6, and 9 lb/ton). In Experiment 2, there were no corn-source × L-lysine content interactions. Increasing dietary L-lysine HCl decreased ADG (linear, P<0.01) and worsened F/G (linear, P<0.01; quadratic, P<0.08). Feeding pigs diets with ND corn increased (P<0.07) ADG and improved (P<0.01) feed efficiency.
In Experiment 3, there was a corn source × L-lysine content interaction (P<0.02) for ADG and F/G. This interaction occurred because there was a greater decrease in ADG for pigs fed diets with YD corn and increasing Llysine, compared with ADG of pigs fed diets with ND corn. No other interactions were observed (P>0.53). Increasing L-lysine decreased ADG (quadratic, P<0.01) and worsened F/G (quadratic, P<0.01). Feeding pigs diets with ND corn increased (P<0.01) ADG and improved (P<0.01) F/G, but had no effect on ADFI.
The use of ND corn in swine diets will reduce the amount of threonine and methionine needed when high concentrations of crystalline L-lysine are used in corn-soybean meal diets. Also, because ND corn has 34% more tryptophan than typical YD corn does, higher concentrations of L-lysine, in conjunction with threonine and methionine, can be used before tryptophan becomes the dietary limiting amino acid. These studies indicate that the use of ND corn can reduce the need for threonine and methionine supplementation when supplementing with more than 0.15% Llysine HCl.
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Introduction
NutriDense (ND) corn is nutritionally enhanced with a stacked set of traits to provide greater nutrient density than is provided by conventional yellow dent corn (YD). Specifically, it contains approximately 23% more lysine, 19% more sulfur amino acids, 18% more threonine, and almost 34% more tryptophan than YD corn contains. Feeding trials at Kansas State University indicated that the energy value of NutriDense corn was approximately 5% greater than the energy density of yellow dent corn. Because ND corn contains greater amounts of amino acids, inclusion of ND corn in the diet can decrease soybean meal use and change the amino acid balance, which should decrease the need for secondary amino acids when high concentrations of crystalline L-lysine are used.
Recent reductions in the price of Lthreonine have made it feasible to add Lthreonine and DL-methionine with L-lysine to further reduce the soybean meal content in diets based on corn and soybean meal. Tryptophan becomes the next limiting amino acid when high concentrations of these three amino acids are used. Because tryptophan is increased to a greater extent than other amino acids in NutriDense corn, there is the possibility that larger amounts of crystalline L-lysine could be used in NutriDense diets than in diets with yellow dent corn before pig performance is reduced.
The objective of these studies was to evaluate the effects of replacing soybean meal with crystalline lysine, threonine, and methionine in diets containing yellow dent corn or NutriDense corn on growth performance of nursery, growing, and finishing pigs.
Procedures
All procedures used in these experiments were approved by the Kansas State University Animal Care and Use Committee. All three experiments were arranged as factorials, with two corn sources (ND or YD) and either four (3, 5, 7, and 9 lb/ton; Experiment 1) or three (3, 6, and 9 lb/ton; Experiments 2 and 3) rates of L-lysine HCl replacing soybean meal in the diet. L-threonine and DL-methionine were also added to the diet to maintain minimum ratios for these amino acids Nutrient values for ND corn were provided by Exseed Genetics (Table 1) ; nutrient values for YD and true ileal-digestible (TID) amino acid values were from NRC (1998). All experimental diets were balanced to maintain a constant TID threonine-to-lysine ratio, TID sulfur amino acid (TSAA)-to-lysine ratio, TID lysine-tocalorie ratio, and Ca and P concentrations within each trial.
In Experiment 1, a total of 320 pigs (PIC 337 × C22 initially 40.2 lb) were used in a 17d growth assay. Pigs were blocked by weight and were allotted to one of eight treatments. There were five pigs per pen and eight pens per treatment. Pigs were housed in the Kansas State University Segregated Early Weaning facility. Each pen was 4 × 4 ft and contained one self-feeder and one nipple waterer to provide ad libitum access to feed and water (Table 2). Pigs were weighed, and feed disap-pearance was measured, on d 7, 14, and 17 to determine ADG, ADFI, and feed efficiency. Experiments 2 and 3 were conducted at a commercial swine research facility in southwestern Minnesota. The facility has four individual barns, each 41 × 250 ft, with 48, 10 × 18 ft, totally slatted concrete pens. Each pen was equipped with a four-hole dry self-feeder (Staco, Schaefferstown, PA) and a one-cup waterer to allow ad libitum access to feed and water. The finishing facilities were double curtain-sided, deep-pit barns that operated on manual ventilation during the summer and on automatic ventilation during the winter. Pigs and feeders were weighed on d 0, 14, and 28 to determine the response criteria of ADG, ADFI, and F/G.
In Experiment 2, a total of 1,189 gilts (PIC 337 × C22, initially 87.7 lb) were blocked by weight in a 28-d growth assay. Pigs were randomly allotted to one of six dietary treatments in a complete, randomized design. Each pen contained approximately 28 ± 1 pigs per pen and seven replicates (pens) per treatment, with number of pigs per pen balanced across treatment. Experimental diets were based on corn and soybean meal and were fed in meal form (Table 3) .
In Experiment 3, a total of 1,136 gilts (PIC 337 × C22, initially 187.3 lb) were blocked by weight in a 28-d growth assay. Pigs were randomly allotted to one of six dietary treatments in a complete, randomized design. Each pen contained approximately 27 ± 1 pigs per pen and seven replicates (pens) per treatment, with number of pigs per pen balanced across treatment. Experimental diets were based on corn and soybean meal and were fed for 28 d in meal form (Table 4) .
Data from all three experiments were analyzed by using the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) as a ran-domized complete-block design in the nursery study and a completely randomized design for the finishing studies, with pen as the experimental unit in all studies. After testing for interactions between corn source and lysine concentration, linear and quadratic polynomial contrasts were used to determine the effects of increasing rates of lysine. Single-degree-offreedom contrasts were used to determine differences between corn sources.
Results and Discussion
In Experiment 1, there were no cornsource × L-lysine rate interactions for the overall nursery study (Table 5 ). Increasing Llysine decreased ADG (linear, P<0.01; Table  6 ). There was no effect (P>0.28 ) of increasing L-lysine on ADFI, but increasing L-lysine worsened F/G (linear, P<0.01). The largest change in F/G occurred between the 3-and 5lb/ton additions of L-lysine HCl. Increasing dietary L-lysine also reduced (linear, P<0.01) final weight. There was no effect (P>0.23) of corn source on ADG, ADFI, or final weight, but nursery pigs fed diets with ND corn had improved (P < 0.05) feed efficiency.
During Experiment 2, there were no cornsource × L-lysine interactions for the overall study (Table 7) . Increasing dietary L-lysine HCl decreased ADG (linear, P<0.01) and worsened F/G (linear, P<0.01; quadratic, P < 0.08; Table 8 ). There was no effect of L-lysine content on ADFI or final weight. Feeding growing pigs diets with ND corn increased (P<0.07) ADG and improved (P < 0.01) feed efficiency.
In Experiment 3, there was a corn-source × L-lysine content interaction (P<0.02) for ADG and F/G for the overall finishing study (Table 9 ). This interaction occurred because there was a greater decrease in ADG for pigs fed diets with YD corn with increasing L-lysine than for pigs fed diets with ND corn. No other interactions were observed (P>0.53).
Increasing L-lysine decreased ADG (quadratic, P<0.01) and worsened F/G (quadratic, P<0.01). Increasing L-lysine also decreased (linear, P<0.01) final pig weight. Feeding pigs diets with ND corn increased (P<0.01) ADG and improved (P<0.01) feed efficiency, but had no effect on ADFI.
Results from these studies agree with other studies at Kansas State University in which pigs fed diets with ND corn had improved performance, compared with that of pigs fed diets with YD corn. Previous studies have shown increased ADG and improvements in feed efficiency when ND corn replaced YD corn in swine diets that were balanced on an equal lysine-to-calorie ratio, due to the increased dietary energy density provided by the ND.
In corn-based swine diets, replacing soybean meal with increasing amounts of Llysine, threonine, methionine, and tryptophan has been shown to maintain growth perform-ance. The negative responses in our trials were likely due to a deficiency in tryptophan in diets when high concentrations of crystalline Llysine were added to the diet. In Experiment 3, for example, with a 9 lb/ton inclusion of Llysine, the TID tryptophan-to-lysine ratio was only 11% for YD corn; this is well below the 18% recommended by the NRC (1998). By simply using ND corn, however, which has 34% more tryptophan, the TID tryptophan-tolysine ratio increases to 13%.
The use of ND corn in swine diets will reduce the amount of threonine and methionine needed when high concentrations of crystalline L-lysine are used. In addition, because ND corn has 34% more tryptophan than typical YD corn does, higher concentrations of Llysine, in conjunction with threonine and methionine, can be used before tryptophan becomes the dietary limiting amino acid. These studies indicate that the use of ND corn can reduce the need for threonine and methionine supplementation when supplementing with more than 0.15% L-lysine HCl. A total of 1,189 pigs with an average initial weight of 87.7 lb were used in this experiment. b YD: yellow dent corn; ND: NutriDense corn. A total of 1,189 pigs with an average initial weight of 87.7 lb were used in this experiment. 
